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OBJECTIVES This study was designed to examine the dimensions and morphology of left atrial (LA) and
distal pulmonary veins (PVs) using multidetector helical computed tomography (MDCT).
BACKGROUND Detailed knowledge of LA and PV anatomy will assist in the development of techniques for
ablative intervention. Multidetector helical computed tomography is a method for multidi-
mensional imaging of cardiac anatomy.
METHODS Multidetector helical computed tomography was used to image the LA and PVs in 70
subjects with and 47 subjects without atrial fibrillation (AF). Accuracy of the MDCT data
was confirmed by correlation with echocardiography and endocardial electrogram recordings.
RESULTS Left atrial and PV dimensions were significantly larger in AF versus non-AF subjects, men
versus women, and subjects with persistent versus paroxysmal AF. There were no differences
between groups in morphologic detail.
CONCLUSIONS Multidetector helical computed tomography images of the LA and PVs are accurate and
provide detailed anatomic information. Significant differences in dimensions but not
morphologic detail were apparent between groups. (J Am Coll Cardiol 2003;41:1349–57)
© 2003 by the American College of Cardiology Foundation
The left atrium (LA) and distal pulmonary veins (PV)
appear to play key roles in the initiation and sustenance of
atrial fibrillation (AF). Techniques for AF ablation that
focus on the LA are under development. Accurate,
detailed information regarding LA/PV dimensions and
morphology will promote this development. Using mul-
tidetector helical computed tomography (MDCT), mul-
tidimensional reconstruction of organ systems is possible
(1). In the present report, we evaluate the use of MDCT
for LA/PV imaging.
METHODS
Subjects. Multidetector helical computed tomography was
performed in 117 subjects, who were divided into two
groups: AF group, 70 subjects with paroxysmal or persistent
AF; and no-AF group, 47 subjects without AF (Table 1).
MDCT technique. Image acquisition was performed us-
ing General Electric Lightspeed scanners (Milwaukee,
Wisconsin). Iodinated contrast was given in a test dose
(20 cc) to determine the moment of peak LA filling;
subsequently, 125 cc was administered at a rate of 4 cc/s,
after which scanning was performed during a single
breath-hold, in 2.5-mm thickness steps: pitch  6:1
high-speed mode, kVP  120, mA  230 to 350
(depending on body habitus), rotation time  0.8 s.
Duration of acquisition was 25 to 30 s. Scanning was not
gated to the cardiac cycle.
Image reconstruction was performed using commercial
General Electric software (Advantage version 3.1). By
considering shape, continuity, and density criteria, sequen-
tial axial images were edited to remove all structures except
LA and PV. Multidimensional reconstruction was then
performed by coalescing these images, and presented as
extra-atrial (Fig. 1) and intra-atrial (Fig. 2) vantages. Figure
3 summarizes the MDCT measurements performed in this
study.
Echocardiography. To assess the accuracy of the MDCT
technique, we correlated the measurements with echocar-
diographic measurements:
1. Transthoracic imaging, performed using commercial sys-
tems (Hewlett-Packard Inc., Palo Alto, California, or
Acuson, Mountain View, California), was used to mea-
sure LA volume.
2. Intracardiac echocardiography (ICE) was performed us-
ing two systems: Boston Scientific (Natick, Massachu-
setts) (2): This system was used to image PV ostia. It is
composed of a catheter incorporating a rotating trans-
ducer operating at 9 MHz. Acuson (AcuNAV) (3): This
system was used to image the posterior LA, specifically
the regions comprising the PV ostia. It is composed of a
catheter incorporating a phased-array transducer pro-
grammed to operate at 7.5 MHz.
Electrograms. To further assess the accuracy of the
MDCT technique, we correlated MDCT-designated endo-
cardial locations with electrogram characteristics at those
locations. Bipolar electrograms were recorded using a stan-
dard mapping catheter. The catheter was positioned at ostial
(four per vein, equally spaced around the circumference) and
nonostial (four per vein, each 1-cm proximal to vein ostium,
equally spaced around the circumference), as defined by
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ICE. Electrograms were recorded during sinus rhythm
(right veins) or during coronary sinus pacing (left veins).
Definitions. Pulmonary vein ostium (atriovenous junction):
the point of reflection of the parietal pericardium, as seen on
the two-dimensional source images (Figs. 1 and 2). Cor-
rected PV ostial circumference: ostial circumference/LA vol-
ume (Fig. 3). Ostial noncircularity: difference between max-
imum and minimum PV ostial diameters, expressed as
(Diametermax  Diametermin/Diametermax (Figs. 2 to 4).
Ostial branch: a PV branch joining within 5 mm of the
atriovenous junction (Figs. 2, 5, and 6). Saddle: the region
of tissue interposed between separate, ipsilateral veins
(intervenous: Figs. 2 and 3) or between branches of the
same vein (intravenous: Fig. 2). Common vein: coales-
cence of superior and inferior veins proximal to the
junction with the LA body (Figs. 5 and 6). Supernumerary
vein: an additional (neither superior nor inferior) vein(s),
having an independent atriovenous junction (Figs. 2, 5,
and 6).
Analysis. Data are reported as mean  SD, unless other-
wise specified. A Student t test was utilized to compare
continuous variables, and a chi-square test to compare
categorical variables. Correlations were performed using a
Spearman test. For each test, a p value of 0.05 was
considered significant.
RESULTS
Correlations. ECHOCARDIOGRAPHY. Echocardiography
and MDCT-derived LA volumes were significantly corre-
lated (n  70, r  0.64, p  0.001). Boston Scientific ICE
and MDCT-derived PV ostial dimensions (35 subjects, 47
veins: left superior [LS] 15, right superior [RS] 12, left
inferior [LI] 15, right inferior [RI] 5) were also significantly
correlated: circumference (r  0.78, p  0.001); maximum
diameter (r  0.82; p  0.001); minimum diameter (r 
0.85; p 0.001). There was complete concordance between
MDCT and Acuson ICE (26 subjects, 42 right and 42 left
vein regions) in discerning common (n  4) and supernu-
merary veins (n  11), as well as ostial branches (n  8).
Abbreviations and Acronyms
AF  atrial fibrillation
ICE  intracardiac echocardiography
LA  left atrium
LI  left inferior pulmonary vein
LS  left superior pulmonary vein
MDCT  multidetector helical computed tomography
PV  pulmonary vein
RI  right inferior pulmonary vein
RS  right superior pulmonary vein
Table 1. Clinical Data
AF Non-AF p
N 70 47 —
Gender (men) 77% 68% ns
Age (yrs) 56  10 51  19 ns
Hypertension (%) 48 42 ns
Coronary artery disease (%) 11 13 ns
Congestive heart failure (%) 33 13 .03
LV ejection fraction (%) 45  17 57  12 ns
Body surface area (m2) 2.0  0.5 2.0  0.3 ns
AF  atrial fibrillation; LV  left ventricular.
Figure 1. Extra-atrial multidetector helical computed tomography view. The dotted line denotes the right inferior ostium. The straight arrow denotes the
region of the atrioventricular groove. *Sharp angulation in the course of a vein. §A region in which branches of separate veins are in direct spatial contiguity.
LI  left inferior pulmonary vein; LS  left superior pulmonary vein; RI  right inferior pulmonary vein; RS  right superior pulmonary vein.
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ELECTROGRAMS. A total of 38 veins in 32 subjects were
mapped: LS 14, RS 9, LI 10, RI 5. At ostial sites, the
incidence with which a typical fractionated or bifid PV
ostium potential (Fig. 2) was recorded (86% of all sites in all
subjects) was significantly greater than at nonostial sites
(13%; p  0.001).
WITHIN-GROUP (AF) MDCT ANALYSIS. In the AF group,
superior vein ostial circumferences were significantly greater
than inferior vein circumferences (Table 2). There were no
differences between corresponding right and left veins.
Pulmonary vein circumference (aggregate for all veins: r 
0.43, p  0.001) and maximal diameter (aggregate for all
veins: r  0.48, p  0.001) were both significantly corre-
lated with LA volume. Pulmonary vein circumference (ag-
gregate for all veins: r  0.23, p  0.01) and maximal
diameter (aggregate for all veins: r  0.29, p  0.001) were
also significantly correlated with LA maximal planar diam-
Figure 2. Intra-atrial views of the posterior left atrium (LA) (pulmonary vein [PV] regions). (A) Right: superior (RS), inferior (RI) and middle (RM) vein
ostia are labeled. An ostial branch of the RIPV (RI) is noted. Intervenous (S) and intravenous (S) saddles are noted. The dotted line (arrow) indicates
the right inferior vein ostium (atriovenous junction). (B) Left: superior (LS) and inferior (LI) vein ostia are labeled, as are the ostium of the appendage
(LAA) and a portion of the posterior mitral valve leaflet (MV). Intervenous saddle (S) is labeled. The ridge between the vein inflow area and the appendage
ostium (R) is labeled. The dotted line (arrow) indicates the LI ostium (atriovenous junction). (C) Electrograms: these were recorded from the area in B
with the corresponding number. (V1  surface lead).
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eter (X in Fig. 3). After “correction” for LA volume, there
were no significant differences between PV ostial circum-
ferences. The following morphologic observations, made in
both AF and no-AF groups, require emphasis: 1) Supernu-
merary veins were common on the right, principally drain-
ing the middle lobe and less frequently the superior segment
of the lower lobe (Figs. 2, 5, and 6). Conversely, supernu-
merary veins were rarely observed on the left. 2) The
incidence of PV ostial branching was significantly higher on
the right, and significantly more common in the inferior
than superior vein (Figs. 1, 2, 5, and 6). 3) The average
ostium-to-first branch distance in left veins was significantly
greater than in right veins (Fig. 1). 4) A common PV
occurred frequently on the left, but almost never on the right
(Figs. 5 and 6). 5) Veins could be sharply angulated (Fig. 1).
6) Spatial overlap between proximal branches of separate
(ipsilateral) veins was common (Fig. 1). 7) Generally, vein
ostia were neither circular nor planar (Figs. 2 and 4). The
magnitude of ostial noncircularity was significantly less in
the RI than other veins.
Between-group MDCT analyses (Tables 2 to 4). AF AND
NO-AF (TABLE 2). Left atrial and PV-ostial dimensions were
significantly greater in the AF group. There were no
differences between groups in vein multiplicity, ostial
Figure 3. Schematic of measurements performed in this study. The body of the LA is portrayed in posteroanterior orientation as a solid line ellipse, with
the mitral valve annulus (MV) denoted by a dotted line ellipse. Planar dimensions (x, y, z) were measured, as was the volume of the atrial body. Extra-atrial
(lines 1 to 8, 13) and intra-atrial (lines 9 to 12) techniques were utilized to perform the other dimension measurements: 1. LS ostium (center)-mitral valve
annulus (MV); 2. RS ostium-MV annulus; 3. LS ostium-RS ostium; 4. LI ostium-RI ostium; 5. LI ostium-MV annulus; 6. RI ostium-MV annulus; 7.
LS ostium-LI ostium; 8. RS ostium-RI ostium; 9. PV ostium maximal diameter; 10. PV ostium minimal diameter; 11. PV ostium circumference; 12.
intervenous saddle length; 13. distance from vein ostium to first branch (B).
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branching, ostium-to-first-branch distance, saddle length,
or ostial noncircularity. Once “corrected” for LA volume,
ostial circumferences were significantly greater in the no-AF
group.
MEN AND WOMEN (TABLE 3). Volume and most dimensions
of the LA were significantly greater in men. Pulmonary vein
ostial dimensions (before and after “correction” for LA
volume) were similar. There were no significant differences
between groups in vein multiplicity, ostial branching,
ostium-to-first-branch distance, saddle length, or ostial
noncircularity.
Figure 4. (A) Intra-atrial multi-detector helical computed tomography
image of LS ostium. Superimposed lines demonstrate dimensions includ-
ing circumference and maximal/minimal diameters. (B) Intracardiac echo-
cardiographic (Boston Scientific) image of the same vein ostium, with
imaging plane approximating that in A. LS  left superior pulmonary vein
ostium; LI  left inferior pulmonary vein ostium; T  echocardiographic
transducer shadow; LAA region of appendage. Other abbreviations as in
Figures 1 and 2.
Table 2. Morphologic Data for AF and No-AF Groups
AF Group p No-AF Group
N 70 47
LA body volume 134  52 (49–303) * 73  37 (33–222)
Planar dimensions
x 76  10 (55–102) * 61  10 (45–85)
y 56  10 (36–83) * 43  9 (29–62)
z 63  11 (36–87) * 52  10 (36–74)
Specific dimensions
1 73  16 (32–117) * 61  10 (37–83)
2 69  11 (45–97) * 58  9 (38–78)
3 33  11 (10–66) 30  9 (15–54)
4 39  12 (17–71) * 32  8 (18–53)
5 46  10 (28–69) * 38  7 (25–51)
6 51  12 (24–87) * 41  10 (18–67)
7 33  7 (18–60) * 26  7 (12–50)
8 34  6 (20–48) * 28  6 (17–47)
RS ostium
Minimum diameter 17  4 (6–30) * 14  3 (7–23)
Maximum diameter 22  5 (13–39) * 18  4 (11–36)
Circumference 73  16 (35–110) * 59  16 (32–119)
RF ostium
Minimum diameter 17  4 (8–29) * 14  4 (6–25)
Maximum diameter 20  4 (13–31) * 16  4 (10–29)
Circumference 63  13 (37–101) * 54  12 (34–89)
LS ostium
Minimum diameter 15  4 (9–24) * 12  3 (6–18)
Maximum diameter 20  4 (12–32) * 16  4 (11–26)
Circumference 66  13 (47–109) * 57  16 (37–108)
LI ostium
Minimum diameter 14  4 (6–21) * 11  3 (4–18)
Maximum diameter 18  3 (12–26) * 15  5 (4–25)
Circumference 59  12 (39–99) * 48  11 (19–61)
RM ostium
Minimum diameter 8  3 (2–11) 8  2 (5–10)
Maximum diameter 10  3 (4–16) 10  2 (8–15)
Circumference 36  13 (15–65) * 28  13 (10–41)
Left common vein ostium
Minimum diameter 17  1 (17–18) 14  3 (10–18)
Maximum diameter 30  3 (26–33) 30  7 (21–45)
Circumference 81  8 (70–88) 84  16 (55–113)
Corrected ostial
circumference
RS 0.6  0.4 * 0.9  0.4
RI 0.5  0.2 * 0.8  0.3
LS 0.6  0.3 * 0.9  0.4
LI 0.5  0.2 * 0.8  0.3
Ostial noncircularity
RS 0.22  0.10 0.22  0.07
RI 0.15  0.04 0.14  0.06
LS 0.24  0.08 0.25  0.09
LI 0.22  0.03 0.27  0.10
Ostial branch(s)
(% of pts)
RS 41 22
RI 66 34
LS 8 2
LI 15 10
# PVs per individual
Total 4.2  0.7 (3–6) 4.0  0.7 (3–6)
Right 2.3  0.6 (2–4) 2.2  0.5 (2–4)
Left 1.9  0.4 (1–3) 1.8  0.4 (1–3)
Continued
Table 2 Continued
AF Group p No-AF Group
# Right PVs (% of pts)
1 0 2
2 75 80
3 20 14
4 5 4
# Left PVs (% of pts)
1 6 20
2 91 80
3 3 0
4 0 0
Ostium-to-first branch
distance
RS 34  9 (16–63) 34  9 (19–57)
RI 29  8 (10–46) 30  8 (16–56)
LS 42  8 (22–65) 44  9 (25–63)
LI 33  8 (16–55) 33  8 (19–45)
Intervenous saddle length
RS-RI 8  4 (1–21) 7  8 (2–16)
LS-LI 7  5 (1–21) 7  4 (2–17)
For specific dimensions, numbers correspond to Figure 3. *p  0.05.
AF  atrial fibrillation; LA  left atrial; LI  left inferior pulmonary vein; LS 
left superior pulmonary vein; PV  pulmonary vein; RI  right inferior pulmonary
vein; RS  right superior pulmonary vein.
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PAROXYSMAL AND PERSISTENT AF (TABLE 4). Volume and
most dimensions of the LA were significantly greater in
subjects with persistent AF. Pulmonary vein ostial dimen-
sions (before and after “correction” for LA volume) were
similar. There were no significant differences between
groups in vein multiplicity, ostial branching, ostium-to-
first-branch distance, saddle length, or ostial noncircularity.
DISCUSSION
Utilizing MDCT images, we have characterized multidi-
mensional LA and PV anatomy. The accuracy of the MDCT
Figure 5. Extra-atrial multi-detector helical computed tomography image
demonstrating a supernumerary (right middle lobe, RM) vein, as well as a
common (left) vein. The line shown at A demarcates the point at which the
LS and LI join to form a single (common) vein, and the line shown at B
demarcates the junction of the common vein with the left atrial body.
There is also an ostial branch (O) of the RIPV. LAA  left atrial
appendage. Other abbreviations as in Figures 1 and 2.
Table 3. Morphologic Data for Men and Women
Men p Women
N 49 21
LA body volume 140  55 (49–303) * 116  37 (65–191)
Planar dimensions
X 77  10 (55–102) * 71  9 (55–86)
Y 56  10 (36–83) 53  6 (40–65)
Z 64  11 (36–87) * 59  9 (43–78)
Specific dimensions
1 75  17 (32–117) * 68  11 (51–83)
2 69  11 (45–79) * 64  10 (47–78)
3 33  12 (16–66) 32  10 (10–48)
4 39  12 (20–71) 37  13 (17–62)
5 48  10 (30–69) * 39  5 (28–48)
6 54  12 (24–87) * 45  8 (30–59)
7 32  6 (20–43) 36  9 (18–60)
8 34  6 (22–45) 34  8 (20–48)
(Continued)
Table 3 Continued
Men p Women
RS ostium
Minimum diameter 18  4 (9–30) 16  4 (6–23)
Maximum diameter 23  5 (15–39) * 20  4 (13–28)
Circumference 74  16 (35–110) 69  13 (46–99)
RI ostium
Minimum diameter 17  4 (8–29) 18  3 (12–22)
Maximum diameter 20  4 (13–31) 20  4 (15–27)
Circumference 63  14 (37–101) 64  10 (46–82)
LS ostium
Minimum diameter 15  4 (9–24) 15  3 (9–19)
Maximum diameter 20  4 (12–32) 19  3 (14–24)
Circumference 66  12 (47–109) 67  14 (53–96)
LI ostium
Minimum diameter 15  4 (6–20) 13  3 (7–21)
Maximum diameter 19  3 (12–26) 17  3 (12–22)
Circumference 61  12 (39–99) * 56  10 (40–75)
Right middle vein ostium
Minimum diameter 8  3 (2–11) 7  4 (4–10)
Maximum diameter 10  3 (4–16) 10  4 (7–13)
Circumference 34  10 (15–48) 44  30 (23–65)
Corrected ostial
circumference
RS 0.5  0.2 0.7  0.3
RI 0.5  0.2 0.5  0.1
LS 0.6  0.3 0.6  0.2
LI 0.5  0.2 0.6  0.2
Ostial noncircularity
RS 0.22  0.08 0.25  0.10
RI 0.15  0.09 0.10  0.05
LS 0.25  0.06 0.21  0.08
LI 0.21  0.04 0.24  0.10
Ostial branch(s)
(% of pts)
RS 40 57
RI 70 50
LS 7 13
LI 20 7
# PVs per individual
Total 4.2  0.7 (3–6) 4.3  0.7 (3–6)
Right 2.3  0.6 (2–4) 2.3  0.6 (2–4)
Left 1.9  0.3 (1–3) 2.0  0.4 (1–3)
# Right PVs (% of pts)
1 0 0
2 87 81
3 11 13
4 2 6
# Left PVs (% of pts)
1 3 6
2 96 88
3 1 6
4 0 0
Ostium-to-first branch
distance
RS 35  8 (16–58) 32  11 (21–63)
RI 29  8 (10–46) 27  6 (20–41)
LS 42  8 (22–65) 41  8 (27–55)
LI 33  8 (16–55) 31  5 (21–41)
Intervenous saddle length
RS-RI 8  4 (2–21) 6  4 (1–14)
LS-LI 7  5 (2–21) 6  4 (1–15)
For specific dimensions, numbers correspond to Figure 3. *p  0.05.
Abbreviations as in Table 2.
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images was supported by correlation with echocardiographic
and electrographic indices. Although the differences in LA
volume and dimensions in the between-group analyses were
expected, it is important to detail such differences, particularly
in regard to the development of interventional technologies. It
is equally important to recognize the complex and heteroge-
neous nature of LA and PV anatomy.
We and others have previously reported on the use of
multidimensional imaging of LA and PV using CT (4,5).
The use of other imaging techniques, including cineangiog-
raphy and magnetic resonance, has also been reported (6,7).
Our data do not permit comment as to the relative merits of
these techniques.
Our finding that, after correction for LA volume, all PV
diameters were similar suggests that PV ostial dilation is a
process associated with enlargement of the LA body. This is
Figure 6. Intracardiac echocardiography image (Acuson), taken from the
subject whose MDCT images are shown in Figures 2A and 5. (A) Right
PV region: shown are right inferior (RI; ostial branch  RI), supernu-
merary (middle, RM) and superior (RS) veins. (B) Left PV region: shown
are left inferior (LI) and superior (LS) veins coalescing into a single vein
(arrow shows the intravenous “saddle” where the two veins meet) which
then joins the LA at the venoatrial junction (demarcated by straight line).
Other abbreviations as in Figures 1 and 2.
Figure 7. Extra-atrial images (each approximately posteroanterior vantage)
from three patients with atrial fibrillation demonstrating anatomical
features not seen in the study cohort (abbreviations same as preceding
figures). (A) Anomalous insertion of branch of right superior PV into LA
body (arrow); (B) Common right PV (RC); (C) Independent insertion of
the Lingula branch of left PV into LA body (arrow).
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inconsistent with a pair of studies from the same group
utilizing cineangiography (6) and magnetic resonance im-
aging (7), which concluded that the magnitude of dilation in
superior veins in patients with AF was not proportionate to
the degree of LA enlargement, a phenomenon not seen in
the inferior veins. These authors speculated that this
phenomenon could be related to the innate material
properties of the superior veins. To better parallel these
studies, we also performed a correlation between maximal
LA diameter and PV ostial dimension. This was signif-
icantly less robust than the correlation with volume,
suggesting that a single-diameter criterion is inadequate.
This should not be surprising for a geometrically complex
chamber such as the LA.
Study limitations. Subjects were clearly selected. Inter-
group matching was performed retrospectively. Artifacts
(“smudging”) were commonly observed on both extra-atrial
(Figs. 1 and 5) and intra-atrial (Fig. 2) images. We believe
that these artifacts were in part due to the lack of cardiac
cycle gating (such as cardiac motion artifact). These artifacts
may have limited the accuracy of our data.
Addendum. Subsequent to the performance of this study,
we have observed three patients with AF who had PV
anatomical features that were not typical of the study cohort
(Fig. 7). The accuracy of the CT image was corroborated in
each patient by ICE imaging.
Reprint requests and correspondence: Dr. David Schwartz-
man, Cardiovascular Institute, UPMC Presbyterian, B535, 200
Lothrop Street, Pittsburgh, Pennsylvania 15213-2582. E-mail:
schwartzmand@msx.upmc.edu.
Table 4. Morphologic Data for Patients with Paroxysmal and
Persistent AF
Paroxysmal p Persistent
N 40 30
LA body volume 121  38 (49–241) * 150  61 (65–303)
Planar dimensions
X 74  9 (55–94) 76  9 (55–102)
Y 53  7 (36–67) * 58  11 (36–87)
Z 62  8 (44–81) 64  12 (36–87)
Specific dimensions
1 69  15 (32–117) * 79  16 (51–113)
2 65  8 (48–84) * 72  12 (45–97)
3 29  8 (16–46) * 37  12 (19–71)
4 36  10 (17–66) * 42  14 (19–71)
5 44  9 (28–65) 43  11 (32–69)
6 48  13 (24–87) * 55  11 (35–76)
7 32  7 (18–44) 34  8 (23–60)
8 32  5 (25–44) 36  7 (20–48)
RS vein ostium
Minimum diameter 16  3 (6–23) * 19  5 (10–30)
Maximum diameter 21  3 (14–26) * 24  6 (13–39)
Circumference 71  13 (47–99) 75  18 (35–110)
RI ostium
Minimum diameter 17  3 (12–24) 16  3 (12–24)
Maximum diameter 19  4 (13–31) 21  4 (12–28)
Circumference 62  10 (43–84) 64  16 (37–101)
LS vein ostium
Minimum diameter 14  3 (9–18) 15  3 (9–18)
Maximum diameter 19  4 (12–28) * 22  3 (12–28)
Circumference 64  12 (47–96) 69  13 (53–109)
LI ostium
Minimum diameter 13  4 (6–19) 15  5 (6–19)
Maximum diameter 18  3 (13–25) 18  5 (13–25)
Circumference 59  12 (43–99) 61  12 (39–87)
Right middle vein ostium
Minimum diameter 8  2 (5–11) 8  3 (2–11)
Maximum diameter 10  3 (6–13) 10  4 (4–16)
Circumference 34  7 (23–39) 36  15 (15–65)
Corrected ostial
circumference
RS 0.6  0.2 0.6  0.2
RI 0.6  0.2 0.5  0.2
LS 0.6  0.3 0.5  0.3
LI 0.5  0.2 0.5  0.1
Ostial noncircularity
RS 0.24  0.08 0.21  0.06
RI 0.11  0.01 0.24  0.15
LS 0.26  0.09 0.32  0.10
LI 0.28  0.11 0.17  0.03
Ostial branch(s)
(% of pts)
RS 41 48
RI 66 64
LS 3 15
LI 19 15
# PVs per individual
Total 4.2  0.7 (3–6) 4.2  0.7 (3–6)
Right 2.3  0.6 (2–4) 2.3  0.5 (2–4)
Left 2.0  0.4 (1–3) 1.9  0.3 (1–3)
# Right PVs (% of pts)
1 0 0
2 80 74
3 14 23
4 6 3
Continued
Table 4 Continued
Paroxysmal p Persistent
# Left PVs (% of pts)
1 6 7
2 92 93
3 2 0
4 0 0
Ostium-to-first branch
distance
RS 35  10 (16–58) 33  8 (21–63)
RI 27  8 (10–43) 32  7 (21–46)
LS 42  9 (22–65) 41  8 (25–55)
LI 33  9 (16–55) 33  6 (21–44)
Intervenous saddle length
RS-RI 7  3 (2–16) 8  5 (1–21)
LS-LI 8  4 (2–18) 6  5 (1–21)
For specific dimensions, numbers correspond to Figure 3. *p  0.05.
Abbreviations as in Table 2.
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